This work deals with the synthesis and cytotoxicity of some heterocyclic compounds starting from 2-acetylfuran. The title compound was used for the synthesis of thiophene derivative 3 through its reaction with elemental sulfur and ethyl cyanoacetate. Contribution/ Originality: This study contributes in the existing literature that thiophene derivatives can be produced from simple commercially available starting materials. The reactions of the produced thiophene derivative with different reagents gave both pyrazole and pyridine derivatives. The cytotoxicity of the produced products gave that some compounds with high potency.
INTRODUCTION
Thiophene and its derivatives constitute one of the major classes in heterocyclic chemistry. They have been shown to have interesting biological properties such as antiproliferative [1, 2] and anti-inflammatory [3] .
Several synthetic routes for polyfunctional fused or pendant pyridine systems have been reported in the literature.
They mainly involve intramolecular cyclization [4, 5] multi component intermolecular cyclization [6] metal assisted coupling [7] microwave assisted coupling [8, 9] or cycloaddition [10] azo electronic coupling [11] regioselective hetero Diels-Alder [12] and internal Mannich reaction [13] . They have been used in a wide hydrochloric acid. The formed solid product was collected by filtration to obtain yellow crystals from 1,4- (11) To a solution of compound 3 (2.37 g, 0.01 mol) in 1,4-dioxane (40 mL), hydrazine hydrate (0.50 g, 0.01 mol) was added. The reaction mixture was heated under reflux for 3 h then poured onto ice/water containing few drops of hydrochloric acid. The formed solid product was collected by filtration and crystallized to obtain orange crystals 
4-(Furan-2-yl)-1H-thieno[2,3-c]pyrazol-3-ol

General Procedure for the Synthesis of Thienopyrimidine Derivatives (23a,b)
To a solution of compound 3 (2.79, 0.01 mol) in acetic acid (40 mL) both of ethyl orthoformate (1.48, 0.01 mol) and either aniline (0.93 g, 0.01 mol) or 4-methylaniline (1.08 g, 0.01 mol) was added. The whole reaction mixture, in each case, was heated under reflux for 6 h then poured onto ice/water. The formed solid product was collected by filtration and crystallized from the suitable solvent. 
5-(Furan-2-yl)-3-phenylthieno[2,3-d]pyrimidin-4(3H)-one (23a)
General Procedure for the Synthesis of Thiophene Derivatives (25a, b)
To a solution of compound 3 (2.37 g, 0.01 mol) in dimethylformamide (40 mL) either ethyl cyanoacetate (1.13 g, 0.01 mol) or ethyl acetoacetate (1.30 g, 0.01 mol) was added. The reaction mixture, in each case, was heated under reflux for 3h then poured onto ice/water. The formed solid product was collected by filtration and crystallized from the suitable solvent. Ethyl 2-(2-cyano-3-phenylacrylamido)-4-(furan-2-yl) 
Ethyl 2-(2-cyanoacetamido)-4-(furan-2-yl)thiophene-3-carboxylate (25a)
Ethyl 2-(2-cyano-2-(2-phenylhydrazono)acetamido)-4-(furan-2-yl)thiophene-3-carboxylate
General Procedure for the Synthesis of Thiophene Derivatives (31a,b)
To a solution of compound 25a (3.04 g, 0.01 mol) in 1,4-dioxane (40 mL) containing triethylamine (0.50 mL), either ethyl cyanoacetate (1.13 g, 0.01 mol) or malononitrile (0.66 g, 0.01 mol) was added. The reaction mixture, in each case, was heated under reflux for 4 h and the solid product formed upon pouring onto ice/water containing few drops of hydrochloric acid was collected by filtration and crystallized from the suitable solvent. medium supplemented with 5% heat inactivated FBS, 2 mM glutamine and antibiotics (penicillin 100 U/mL, streptomycin 100 µg/mL), at 37°C in a humidified atmosphere containing 5% CO2. Exponentially growing cells were obtained by plating 1.5x105cells/mL for MCF-7 and SF-268 and 0.75x104cells/mL for NCI-H460, followed by 24 h of incubation. The effect of the vehicle solvent (DMSO) on the growth of these cell lines was evaluated in all the experiments by exposing untreated control cells to the maximum concentration (0.5%) of DMSO used in each assay.
Ethyl2-(4-amino-3-cyano-6-hydroxy-2-oxopyridin-1(2H)-yl)-4-(furan-2-yl)thiophene-3 carboxylate
Ethyl 2-(4,6-diamino-3-cyano-2-oxopyridin-1(2H)-yl)-4-(furan-2-yl)thiophene-3-carboxylate (31b)
Tumor Cell Growth Assay
The effects of compounds on the in vitro growth of human tumor cell lines were evaluated according to the procedure adopted by the National Cancer Institute (NCI, USA) in the 'In vitro Anticancer Drug Discovery Screen' that uses the protein-binding dye sulforhodamine B to assess cell growth, cells growing in 96-well plates were then exposed for 48 hr to five serial concentrations of each compound, starting from a maximum concentration of 150 µM. Following this exposure period adherent cells were fixed, washed, and stained. The bound stain was solubilized and the absorbance was measured at 492 nm in a plate reader (Bio-Tek Instruments Inc., Power wave XS, Wincoski, USA). For each tested compound and cell line, a dose-response curve was obtained and the inhibitory concentration of 50% (IC50), corresponding to the concentration of the compounds that inhibited 50% of the net cell growth was calculated as described elsewhere. Doxorubicin was used as a positive control and tested in the same manner.
Structure Activity Relationship
It is clear from Table 1 that some of the newly synthesized compounds showed high cytotoxicity towards the three cancer cell lines. The thiophene derivative 3 showed low potency. However, the acetyl derivative 5 showed high potency especially against MCF-7 and NCI-H460 cell lines. On the other hand, the Schiff's base 7 showed low potency but the anilide derivative 9 showed high cytotoxicity and this was attributed to the presence of the CONHPh moiety. Reaction of compound 3 with hydrazine hydrate gave the pyrazole derivative 11 which showed a moderate potency. But upon the reaction of compound 3 with any of the aromatic diazonium salts 12a-c gave the arylazo derivatives 13a-c. It is obvious from Results are given in concentrations that were able to cause 50 % of cell growth inhibition (GI50) after a continuous exposure of 48 hr and show means ± SEM of three-independent experiments performed in duplicate.
RESULTS AND DISCUSSION
In the present work we started with 2-acetylfuran (1) as the key starting material. Thus, the reaction of 2-acetylfuran (1) with elemental sulfur and ethyl cyanoacetate (2) gave the thiophene derivative 3. The structure of compound 3 was based on analytical and spectral data. Thus, the 1 H-NMR spectrum showed the presence of a triplet at δ1.13 ppm for the ester CH3 group, a quartet at δ 4.22 ppm for the ester CH2 group, a singlet (D2O exchangeable) at δ 4.82 ppm for the NH2 group, a singlet at δ 6.04 ppm for the thiophene H-5 and a multiplet at δ 7.31-7.38 for the furan protons. Further confirmation for the structure of compound 3 was obtained through studying its reactivity towards some chemical reagents.
Thus, the reaction of compound 3 with acetic anhydride (4) and acetic acid gave the 2-acetamidothiophene derivative 5. Moreover, the reaction of compound 3 with benzaldehyde (6) gave the Schiff's base 7. The analytical and spectral data of compounds 5 and 7 were based on their respective analytical and spectral data (see experimental section). In addition, the reaction of compound 3 with aniline (8) gave the anilide derivative 9, Furthermore, compound 25a reacted with benzaldehyde (6) in piperidine solution to give the benzylidene derivative 27. On the other hand, compound 25a reacted with salicylaldehyde (28) to give the coumarin derivative 29.
Our research program was directed towards the uses of compound 25a towards the synthesis of pyridine derivatives with potential biological activities [15] . Thus, the reaction of compound 25a with either ethyl cyanoacetate (2) or malononitrile (30) gave the pyridine derivatives 31a and 31b, respectively. Compound 25a reacted with elemental sulfur and either of ethyl cyanoacetate (2) or malononitrile (30) to give the thiophene derivatives 32a and 32b, respectively (scheme 5). The analytical and spectral data of the latter products are in agreement with their respective structures. Thus, the 1 H-NMR spectrum of compound 32a (as an example)
showed The presence of two triplets at δ 1.12, 1.14 ppm equivalent to the two ester CH3 groups, two quartets at δ 4.21, 4.26 ppm for the two ester CH2 groups, two singlets (D2O exchangeable) at δ 4.41, 4.59 ppm indicating the two NH2 groups, a singlet at δ 6.04 ppm equivalent to the thiophene H-5 proton, a multiplet at δ7.23-7.39 ppm for the furan protons and a singlet (D2O exchangeable) at δ 8.23 ppm for the NH group.
CONCLUSION
The work described here concerned with the synthesis of thiophene derivatives starting from 2-acetylfuran followed by studying of the chemical transformations through the thiophene ring system. The screening of the resulting compounds towards three cancer cell lines showed that compound 13b gave the maximum inhibitory effect among the synthesized products.
Scheme-1. Chemical Structure and Synthesis of compounds 3,5,7 and 9
